Background Prior studies assessing quality of life (QOL) in patients with hepatocellular carcinoma (HCC) primarily included patients with preserved liver function and/or early HCC, leading to overestimation of QOL. Our study's aim was to evaluate the association of QOL with survival among a cohort of cirrhotic patients with HCC that was diverse with respect to liver function and tumor stage. Methods We conducted a prospective cohort study among cirrhotic patients with HCC from a large urban safety-net hospital between April 2011 and September 2013. Patients completed two self-administered surveys, the EORTC QLQ-C30 and QLQ-HCC18, prior to the treatment. We used generalized linear models to identify correlates of QOL. Survival curves were generated using Kaplan-Meier analysis and compared using log rank test to determine whether QOL is associated with survival. Conclusions Role function has prognostic significance and is important to assess in patients with HCC.
Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death worldwide [1] . Its incidence in the USA and Europe is increasing due to a growing number of nonalcoholic steatohepatitis (NASH) and hepatitis C virus (HCV) cases [2] . Underlying cirrhosis is the strongest risk factor for HCC development, and HCC is one of the leading causes of death among those with cirrhosis [1] .
Prognosis for HCC is based on degree of hepatic function, performance status, and tumor burden. Patients with preserved hepatic function, good performance status, and early stage HCC can undergo curative treatments with 5-year survival rates approaching 70 % [3] . Unfortunately, most HCC patients have 5-year survival rates below 18 % due to detection at late stages and underuse of curative treatment [4] [5] [6] . Nearly two-thirds of HCC are found at advanced stages due to poor sensitivity of surveillance tests and underuse of surveillance in at-risk individuals [7] [8] [9] [10] .
Health-related quality of life (QOL) is an outcome of increasing interest after studies suggested it may be an independent prognostic factor in HCC patients [11] [12] [13] . Patients with HCC suffer from morbidity and poor QOL due to both hepatic dysfunction and tumor-related symptoms [14] [15] [16] . They report lower QOL than the general population and than those with liver disease but without HCC [15, 16] . Poor QOL is driven by several symptoms including fatigue, weakness, anorexia, abdominal pain/ bloating, and depression [14, [16] [17] [18] [19] .
Two widely used instruments to assess QOL in cancer patients are the Functional Assessment of Cancer TherapyGeneric (FACT-G) and European Organization for Research and Treatment of Cancer (EORTC) QOL questionnaire (QLQ), the EORTC QLQ-C30. Both instruments can be supplemented with disease-specific QOL modules to collect more detailed information. The EORTC QLQ-HCC18 was developed as an HCC-specific tool to supplement the EORTC QLQ-C30 [20] . However, most prior studies have primarily included patients with preserved liver function and/or early stage HCC, potentially leading to an overestimation of QOL [20, 21] . The objectives of our study were to: (1) characterize QOL among a cohort of HCC patients that is diverse with respect to liver function and tumor stage, (2) identify correlates of QOL, and (3) evaluate if QOL is associated with survival.
Methods

Study population
We conducted a prospective cohort study of cirrhotic patients with HCC at Parkland Health and Hospital System (Parkland). As the safety-net system for Dallas County, Parkland has a mission to provide care to low-income, underinsured, and vulnerable populations. Treatment-naïve cirrhotic patients with HCC were identified and recruited from the Parkland Liver Tumor Clinic between April 2011 and September 2013. This clinic provides outpatient care for all HCC patients at Parkland and is staffed by hepatologists, surgeons, medical oncologists, and interventional radiologists [22] . We used treatment-naïve patients to avoid confounding from any post-treatment adverse effects. Cirrhosis was defined as stage 4 fibrosis on biopsy or a cirrhoticappearing liver on imaging in combination with portal hypertension (e.g., varices, ascites, or splenomegaly). HCC diagnosis was based on American Association for the Study of Liver Disease criteria [3] . Patients were excluded if they had received prior HCC-directed treatment, had significant encephalopathy precluding consent, or refused consent. The study was approved by the Institutional Review Board at UT Southwestern Medical Center (Dallas, TX).
Data collection
Eligible patients were approached before their clinic appointment and consented to complete two self-administered surveys: the EORTC QLQ-C30 and QLQ-HCC18. Patients completed the surveys at initial presentation to the clinic, prior to the HCC-directed therapy. Surveys were available in English and Spanish. The EORTC QLQ-C30 questionnaire incorporates a range of QOL issues, including a global QOL scale, five functional scales (physical, role, cognitive, emotional, and social), three symptom scales (fatigue, pain, and nausea/vomiting), and six single items (dyspnea, insomnia, appetite loss, constipation, diarrhea and financial difficulties). Role functioning assesses a patient's ability to perform daily activities, leisure time activities, and/or work. The QLQ-HCC18 consists of one functional scale (body image), five symptom scales (fatigue, jaundice, nutrition, pain, and fever), and two single items (abdominal pain and sexual interest). High scores for QOL and functional scales represent high levels of QOL and functioning, whereas high scores for symptom scales represent more severe symptoms. Missing data consisted of less than 5 % of answers and were imputed per EORTC scoring guidelines. Scoring for each survey was also performed per EORTC scoring guidelines [20] .
Patient demographics, clinical history, laboratory data, and imaging results were obtained through review of medical records by two investigators (A.S. and A.Y.), as previously described [6, 23] . Age, gender, race/ethnicity, insurance status, marital status, and alcohol and smoking history were recorded. Data regarding liver disease included underlying etiology (HCV, hepatitis B virus, alcoholrelated liver disease, NASH, or other) and the presence of ascites or encephalopathy. Patients with HCV infection and alcohol abuse were categorized as HCV infection. Performance status was classified according to Eastern Cooperative Oncology Group (ECOG) criteria [24, 25] . Laboratory data of interest included platelet count, creatinine, bilirubin, albumin, international normalized ratio, alpha fetoprotein, and human immunodeficiency virus (HIV). Tumor characteristics were determined by 4-phase CT or MRI, interpreted by radiologists at our institution, and the Barcelona Clinic Liver Cancer (BCLC) system was used for tumor staging [26] .
Statistical analysis
We used generalized linear models to identify correlates of global QOL, functional scores, and symptoms scores. Patient and tumor characteristics from time of survey administration were treated as independent variables. Multivariate regression models were conducted using factors significant on univariate analyses, with statistical significance being defined as p \ 0.05. When clinical or statistical multicollinearity was present, two sets of multivariate models were created: one excluding any collinear variables and another including all variables.
To determine whether QOL is predictive of survival, survival curves were generated using Kaplan-Meier analysis and compared using log rank test. Survival was measured from day of HCC diagnosis to date of death, with patients censored at date of last clinic visit or end of study on November 1, 2013. We used Cox proportional hazards models to identify factors that influenced survival, with statistical significance being defined as p \ 0.05. All data analysis was conducted using Stata 11 (StataCorp).
Results
Patient characteristics
From April 2011 to September 2013, 291 HCC patients were seen in the Parkland Liver Tumor Clinic. Of these patients, 61 did not consent to participate or left prior to being approached, 68 had undergone prior treatment, and 32 failed to complete most of the survey. Therefore, 130 treatment-naïve HCC patients were enrolled and completed the QLQ-C30 and QLQ-HCC18 questionnaires. Median age of patients was 57 years (range, 35-80) and 78 % were male. The cohort was racially diverse with 23 % nonHispanic Caucasians, 33 % African-Americans, and 38 % Hispanic Caucasians. The most common etiologies of cirrhosis were HCV (73 %), alcohol-induced (9 %), and NASH (12 %). The cohort was diverse with respect to liver disease and tumor stage ( Table 1) .
Quality of life scores
QOL results are summarized in Table 2 and Fig. 1 . Median global QOL was 50, with only 12 % of patients having global QOL greater than 75. Twelve patients reported global QOL of 0, while 11 reported a score of 100. The highest functional scales were cognitive function (median score 67) and social function (median score 67), while role function was the lowest scored (median score 50). Among symptom scales, insomnia, loss of sexual desire, and financial difficulty were most highly scored, while the lowest scored symptoms were fever, nausea/vomiting, and diarrhea. Correlates of global quality of life HCC hepatocellular carcinoma, N number of patients, SD standard deviation, QLQ quality of life questionnaire performance function were no longer significantly associated with survival in multivariate analysis. When dichotomized at the median score of 0.50, patients with low role functioning had 1-and 2-year survival rates of 65 and 53 %, respectively, compared to 88 and 70 % for those with high role functioning (Fig. 2) .
Discussion
To our knowledge, our study is one of the first to describe QOL among treatment-naïve patients with cirrhosis and HCC using the EORTC QLQ-C30 and QLQ-HCC18. We found patients had fair QOL, with the largest deficits in role functioning. Role functioning was significantly associated with survival after adjusting for BCLC stage and HCC-directed treatment. Global QOL and performance functioning were associated with survival on univariate analysis but became nonsignificant after adjusting for important clinical variables. Finally, poor QOL was driven by a combination of tumor burden and liver dysfunction, underscoring the importance of managing both HCC and cirrhosis-related symptoms.
QOL has been increasingly recognized as an important endpoint in clinical research and clinical practice in addition to traditional end points of tumor response and survival. Understanding QOL is important in clinical practice for prioritizing issues to address, facilitating shared decision-making, and monitoring treatment response [27] . We found global QOL and role functioning might be associated with survival in patients with HCC, further supporting its informative role. Studies are needed to characterize the prognostic role of QOL longitudinally when used in combination with tumor stage.
Our study also allowed us to explore if QOL is driven by tumor burden, liver dysfunction, or a combination of these factors. The finding that liver dysfunction and tumor burden were equally associated with QOL highlights the importance of managing both conditions in patients with HCC. This can be challenging given these factors can be competing interests. For example, TACE is associated with a 20 % risk of hepatic decompensation, which must be weighed against tumor response rates [28] . Multidisciplinary management of HCC patients may be an effective means of managing both cirrhosis-related and tumor-related issues and may improve outcomes [22] . Similar to other studies, patients reported fair social and cognitive functioning but low role functioning [12, 13, 15] . Patients with HCC might be particularly susceptible to poor role functioning given cirrhosis-related complications, e.g., ascites or encephalopathy, and HCC-related symptoms, e.g., weakness or fatigue, can impair role functioning. Furthermore, cirrhosis is a catabolic state, with high rates of muscle atrophy and physical weakness [29] . The importance of assessing role functioning was highlighted in our study given its association with survival. Further studies are needed to determine whether interventions to improve role functioning can improve survival.
Our study had some limitations. Although we found a significant association between role functioning and survival, we only found a trend toward association between global QOL and survival. It is possible we may have found a significant difference with a larger sample size. Second, it was performed in a single large safety-net hospital and may not be generalized to other practice settings. Third, similar to all survey studies, our study was limited by possible response bias and recall bias. Finally, our study was also limited by possible unmeasured confounders and missing data despite its prospective nature.
In summary, patients with cirrhosis and HCC report fair QOL, with the largest deficits in role functioning. There was a significant association between role functioning and survival, after adjusting for BCLC tumor stage and treatment, highlighting the importance of assessing QOL in patients with HCC. Poor QOL appears to be driven by both tumor burden and the degree of liver dysfunction, which underscores the importance of managing both the HCC and cirrhosis-related complications in these patients. Further longitudinal studies are necessary to determine how QOL can be incorporated into prognostic systems and help providers make treatment decisions for cirrhotic patients with HCC.
